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i SEMICONDUCTOR LASER AND ITS MANUFACTURE 

Abstract: 

3BLEM TO BE SOLVED: To actualize a projection beam of good quality 
zh can be oscillated continuously in basic lateral mode and has no 
gmatism suitable for the light source of an optical disk system, etc. 
_UTION: The semiconductor laser is constituted by forming an n type 
VlN clad layer 13, an active layer 16 of MQW(multiquantum well), and a p 
3 GaAIN clad layer 19 on an n type GaN buffer layer 1 1 on a sapphire 
strate 10 and the clad layer 19 is equipped with a double heterostructure 
; with striped ridges and a light confinement layer formed in an area other 
i the ridge part of the clad layer 1 9 on the double heterostructure part. In 
case, the refractive index of the light confinement layer is made larger 
i the refractive index of the p type GaAIN clad layer. Consequently, 
sshold current density is reduced by controlling a lateral mode by forming 
aveguide structure with a refractive index distribution, and in the lateral 
le, an InGaAIBN-based semiconductor laser can continuously be 
illated. 
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core /A) SO. 2£$?£LT^&>Ik. 
[0039] <14)5!£HJa»«ia** 2 WWSL7 9 -y H« k 

[0040] (15)7tffljAy>fl<7)^'y K=¥ A- y rx^yUdf 

k. 

[0041] (\e)m2mmm.9y y^m±.<7iay^9Y 
m t m$L*>m t &m -mmx-h k> . * i- 5 -r rfg^^ 

[0042] (17)*^#Fk#79 y FJifcOHfc. S 
VrmtfMttFWtiimifimi 9>h£ <?yy K*tf>Jg 
W*J:0*&v^|«BS:**i.-fitfflli» ^ 3 5r<kt»-^ 

n, Ga, Al„ B,.,. t . h N(OSs, 

t, h, s + t+hS 1 ) frht£h*\VT*-'^—7 

n-ffi±mtf 'J>-% <ti>\ mum fi>tix^&zt. 

[0043] (18)Jf-v VT*-s*-7n-ffi±m<7>A 1 
0<h<0. 2 

[0044] (19)* i mmm%x/m2mmm<7)&? y 

KJliiG a A 1 NfrL>% •) , im&lfrmZ I n G a N & 
tzM^y v F®«kOA 1 fflj£<0'h$^GaA 1 N*^^r 

[0045] ZZX\ %ffl&t>mii. »:«0(i) — <i i i > 

Sti. I n p Ga, A 1 r B,. p .,., N (0. 2S P S 
0. 3, OSqSO. 8. OSrSO. 8, 0. 2Sp 

fq + rsuA'^o, mtffiQjbm<F>mtfxmtfm2 

[0 04 6 3 (iD^jA^JiJi^ I n p Ga, Al r B 
i- p -,. r N (OSpSO. 95. OSqSO. 95. 
0- 05Sr=£0. 3, 0. 05Sp + q+ rSl)f 

[0047 ] (iii) %ffl2&>mtZ. I n p Ga, A 1 r 
B,. p . q . r N(0Sp. q. 0. 05SrS0. 1. 
0. 05S P +q+rSl) K^D. IS3tK3i^^<7) 
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[00 4 8] (20)TWmmb LT, t7r-f7X«S i 
[0049] (21)SfS2?£mS7 5 f FJROU -y 

[00 5 0] (22) 3 FSCRJRS3fea5&^ «S10 

Ocm-i^glTttTV^^fc. 

[005 1] (23)3>-?7 F aS 50 

0cm-i$:Sl7tLTO|.C:fc„ 

[0052] *jfc#«9K4. 2m<n\y~f%^±-th 

r^^o«i3a»S:WJl»jRLfc««k*«i, 28 

[ o o 5 3 ] c: c x\ &y7>w\Tr3ffimmt. mim 

ISWIn, Ga, Al 2 B,.,,.,., N (OSx, y, 
z, x + y + zS 1 ) H«^77KIiXh7^f7' 
#tf)'J yiSZ3r?&m2&W.mcr>l n u Ga, Al, B 
!_„_„_„ N (OSu, v, w, u + v + w^ 1 ) j&»£3r 

»HI»'J7imijW)»«:> In, Ga, A 1 r B 

i-p-q-r N(0<P=£1, 0^q<l, 0^r<l, 0 
<P+rSl, 0<P + q+rSl)H : 5:lI2i 

[0054] £ 3t » . vSttS* 1 ^ 7 ■/ HBTtt 

i r?A*^r vmitffim. £ fit i. fcgfctf U ^ A 

( I n, Ga, Al, N: x + y + z= 1 , 
OSx, y, z£l) frt>*&¥mfoU—FX\ 7?v 
H«<7)^=Sr< 1 i> -Uemz . M 1 «NtS<0? v v KB 

*<50'J -y ^A^Jfc^iiTfc 9 , SfSU -y ^'KtffcoaMi-t 
<i^K U -y y't* 2 W^i<0fi^ U 

m^ftm£K>*&mffi.®jkmtf&!£2tixt5K). 
iz%mm3$m±ma£tfv -y^tmimmm<^m2(7)^ 

hJitCfc 'OiMib&iitXtsO. U -y^BJ: "5 t»S 

[0055] ^t. *«HBt:ffi6i|s#W|tl^— 1f<0«Jfi* 

Xmt. Si0 2 iiXtfUiSXbZWlfiL. Xhy-iT 

ltS) Z&tiZ-tZJMt. 'J'yy'l^S i0 2 

Bss-r & i^t, (oaifijhJf) mt/v-y 



bi>-ktezb£ftmb-f&, 

[0056] S^:. *fMHfcfi84«3Wrffi{4. g-fb^'J 
^JMteatf*** ( I n, Ga y A 1 2 N:x + y + 
z=l, OSx, y, zgD^K^X/f^Ig 
tfe^T. 4-3: <i:i» LT#tf!f5 1 OtfX 

[0057] ZZX\ W.\<F>i}XbV,X\^ C 1 2 % B 
C 1 3 XJ4S i C 1 4 jWefflTOTC**. ^2cO^'Xt 
LTte, CF 4 , C 2 F, . SF 6 . Oj , COX14C 

H^'fXyf/'y'li, ^-^W^^fl^A^ xco 

[00 58] (f^ffl) *«WK:J:<H/, InGaAlB 

•y KJitry •yi'*«£KW« -<7)U •■/ IsWBSbOffltiZ.^ 
In, Ga q Al r Bi-,.,., N (OSp^Sl. 0^q 
<1, OSrSl, 0<p+rSl, 0<p+q+rg 
1 ) *»^>«r 0 . 7 5 -y HJB i OIBJf^w^c* v^ffl32^> 

[ o o 5 9 ] £ zx\ ±ii<7>£ o %%m&!frmi±. y-r 

Wm3i-th<r,\i^m.k.^i.hixX^h. ZVKih. 
$&kcr)l nGaA 1 N^^l^-ifCiJ^T^^-y K 

t^eufcj: *) » *MbfeWk3tsMai«ft (mocvdjs 

WHie^j^- (MBE) j£^T'=S-«*tt?:©ji 

[0060] L* 1 ^. InSto'Oct^UlnGa 
•y KJicO^-T U TS5JK*^ < 3r h Z b * iB >1 ^» o 

[006 1 ] 4«:*3|H^(cj: jitf^ JIR^ttJRcoffiiiiA 
[00 62] fc+ffto^tctiuf. S3r^^<7) 
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[0064] 

[SWlOiaitfHlHB] KIT. *5KBO»«IS:BI55«0Sat 

[0065] (»l«0SOt»JB) HUi. *»W<0*1 
<ASBI»JBfc:fl5*> 4 I" — 9*<0«IR * ^SrflHElT 

[OO6 6]04>lO{if7T-frSStib*3. -rcox 
Kl0«±CGaN^77rll 1, niGaNay? 
?hMl2, nlGaAIN?77F113, nlGa 
N«114, nlGaA 1 N:*-A— yn-R&ihJf 1 
5, I nGaN^lif#F (MQW) iSttJi 1 6, p 
iGaA 1 N*— A-7o-BfcikJil7, plGaNi 
JS118, pSGaAlN;57K119«SW? 
*ua*6. fcis. .rii6<^jyfcEttMOCVDS^ 
ttMB E&lC J: ^TtT-bilS . 

[006 7] pSGaAlN^77H119(iXh7'< 
r^fctevvc^^+i-ex-yf-^SfciSii., 
fc J: 0 7 5 •/ KJ1 1 9 tcx h 54 7Wr> 0 -y s Jmfl&fSL 

pIGaA 1 N?^y KJg 1 9«0'J -y 
HJH: nllnGaN 7fcBfci#>Ji 2 0 ^tRWKfflji^ 
JBtftSfU S4>t^9-yHJ119&V*raa«>JB2 0± 
C(ipSGaN3^7M2 1i!i 5 f)£$nT^S. d 
ix ft <0Jg B s B jfcH £> , MOCVDffiaav^iMBEjfeKJ:-? 

[0068] pSGaN3y^?M2 1Kn!Ga 
A1N?5'/K113 i-WaWWKISftiSit, nfG 
aN3>?7 hSSl 2£>—»0 < ittfil/O*4. -fLT, 
pIGaN3>^;M2 l±(CtiplPJjmfi62 2* t Jgj£ 
nlGaNay^; Ml 2cOHajSB±W± n(BJ 
mtS2 3#ffM£*u£^S. 

[0069] *50t»!Bfc:i3 tt* U— »f ^attJlSP ( MX 
T. 3 7i«(i:^^)li. In a Ga,. a N#F«/ 

I n e Ga,. e NPiiiJf ( aSe ) frhtch^MS.^-ft 
T* (MQW) cr>-&&mi 6<9Pf(B!lte, G a A 1 N^-A 
-yo-PMiJf 1 5 , 17atfGaN«EftJil4, 18 
£KftJtSCHflUafc$roTV*S. ^tJ^SBS* . =J 

<?>ffiJ}$:1S&tXt<^&. 



[0070] ttz. ^mW&MX'ii^ I n, Ga, Al 
2 B 1 . I . y - z N(0^x, y, z, x + y + zSl)l 
ttflfrhtchngs?? vYMl 3JiI n&tXB£-i-£& 
kWGa,., Ai z Ni:*te§ix, £ft£vSteJf 16 

jjai £#*&ivfc*>. MQwsr«)i)c-r nwiMRxm 

mmi-ttlZ'tl I n a G ai . a NMIn t Ga,. e N 
fcglfE£ix6. In, Ga u Al. B^,,.,,.,, 

N (O^u, v, w. u + v+wSl) %MP,ti>t>tc:h 
Pi;77h'il9(il n&tfBSr^-S&^Jt^Ga 

Ai, Nfc^ie§iX6. 
[007 1 ] <w=» IXl-iniio^zm^ixtz^mw^- 

[0072] ( *¥2f fafl**- H Mff ) #3«<BU0¥ 
m^—fX'it. Xb7-^751-t'nSInGaN3EHa 
tf>J| 2 0 3 THiSfcjfiit LtV^^, Xh^T^ 

fix H (rmSJbtffthlxh . 
[0073] ^^t. nil nGaN7tffljirtl2 0CO 
I nttfili. iSttJBl 6£i>(-M> I n a Ga,. a N#F 

#F)g«A'y -y rx*;i^- «k o i> /h§ ^. 
[0074] $ fttc, ftffl&tf)* 2 0 cOJSifr^JiX h 7 
-< TgflcOpMGaA 1N?77 FBI 9 OSJWJ; 0 t 

-Xb^^SSWpSGaA 1N;7»z Hil 9»A"yF 

[0075] ^coJ: 3 izx h ?4 7°g|5J; 0®tff*«O^:# 

\ ^bk^jb 2 o ^ ic t w a. -rmmmvx m&'hz < 

120 ti^iijsft l x mumm^x'h t tzwzm 

mmhm 2 0 [z&#>hm&#wt>xA^\ -t%fr 
*> , TtKii^s 2 0 wisHBSW^oifjj-avh? v >/s 

[0076]^ t>t>& mi izwrrm&<?)im#i\s- 
x h 7 ^ yftcDmmmvxmtf'hz < . 

TMztgkimtfh h tzth . L*«f to±# v ^^e- 

[ 0 0 7 7 ] CCD J: 0 3fcP?!ji#>« 2 

0 t Ltnri^vA'y H^-v >yrx*/P^-^)/h3 

attJifc LT{±, CT^.(±'I nGaNA^^^HXa*?: 
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[00 7 8] ggtvC, CWi^jrit-KMffllWcM 
[00 7 9] 02 (a) IS. XYy-iy^bXby^ V 

ffla^B2o t^rmmt osbsi (piGaNitii 

7£-C'<9SBSt) h out t,ztt-t&&&m7jiLX^&. 0 
2 (b) ii. S**-K(cW-n»«^a 0 RVMr:*- 

V tmtt-V t a IZmt. [S]h out (CStT 

4tfc#tt£^LT^4. 

[0080] ztihwmva. x h y^comm^ 

niGa,. 85 AI,. 15 N/n-GaN(0. 1 urn) / 
MQW/pfGaN (0. Urn) /plGa,. 85 A 1 
0 . 15 NfcU XF9^f7?l-cDJifiii£ nlGa,. 85 A 1 
o.isN/nlGaN (0. ljttm) /MQW/pfGa 
N(0. ljum) /pSGa^.ssA 1 0 .ibN (h out *t 
m)/nIInGaNfc L*%&W^&1Sfi#B?#r$fl 
4. 

[008 1] |SIiat;*JV^TMQW(i. I n 0 . „Ga,, H 
N#F« (2nm) /I n 0 . M Ga M6 NBIi (4n 
m)*>\ 5tth&ffii£t. 1 0*t£>4tt)£i:O2)I9a s 

[0082] - HO^^ktCJi , SiSft- F b 

- f b rtsu&tiyz § v *#*fs* u * . h*» & *> 

i 0- 4 S«<7)S^^-fb(iJr^yraA^J:i.r7X-? 
££im&fflk# t *&fck%&. $t^>x , h out <offit± 

0. 3jumJ3lT. S&taiKJiO. 2iumOTt=lft 
[00 83] 03 ( a) (i. h out =0. 2jum<Di§£- 
JfUZTpLX^Z. 113 (b ) (4. |Hjh 0Ut <7)i§-£<7)a 

[ 0 0 8 4 ] X bJ'tTWfijzZ ^fc A a j&fcjvg < &4 
US <*4. -^h?-frfA« 

[0085] 4fc@4 ( a ) &t>'04 ( b ) i 5 

0. 85Al,. 15 N/nIGaN (0. l*tm)/MQW/ 
plGaN(0. l^m)/plGa 0 . 85 Al 0 . 15 Ni: 
U m^«jt2rnSGa 0 . 85 A 1 0 . 18 N/ 
nSGaN(0. 1 jum ) /MQW/piG a N ( 0 . 

1, um)/pIGa 0J5 AI 0 . 15 N(O. 05^m)/ 
nilnGa'Al Nfc Lfc*^Wft«»£!!Wf Lfcfc 
«9T-J>4. XV y 4 79Hz)3tthnmi nGaA 1 



[0086] iuT. MQW(i, I n 0 . 2 Ga u N# 
Fl(2nm)/I n 0 . 05 G a 0 . 95 NPS^f (4nm) 
£5ttiL*:fiij£T'$>4. 

[0087] I ZX\ 04 ( a ) I J. OT&tf))!** I n 
, Gat., N4^<iGa,- x A 1 „ N<7)%fr&<7)X by 4 

* . xj „ ^ o . 2 officii , *mmmm<r>mikm®.wiz 
rca-**. ^«a*^js«j|g{±. H4 <b) t^-ria 

<ot. ft? i x7mmiz&Ltz\L-j±w&*nhz\b& 
x%h„ 

[0088] ifc. 0Sx In S0. 2<0fS*£li. Xh5 

[0089] TtffliirtBJi, m»M «lSf$J: o 
t/J^V^Stlf^Ga^x Al, N£JBvvfc%&. 04 

( b ) fcjjrJ-J: St. W»««#3oco«Wfc:««T& 
4. JB1<0<B«J4. 3teffljiV)S^A lWWAh?4 7 
Ucofy -y FJf OA 1 ffifKJ: *)Jz* < . -T2:;b*>3fcB!& 

^hvph-mmvxmswLm&btch. 
[0090] m2<nmm&. xffl&tbmnA i mtv? 

y v Ki<0A 1 mtfUZ&^mX-fo 9 , >h£ V>A n eq c7) 

£ v ^frSjgn S: to . Z ?m<7)± £ v ^K£flBH<0 b'- A 

[009 1 ] S3tOWi, 04 ( b ) tt»Taa^# 
rt^T'J> 0 , 3feffliA^)«<?5 A 1 m.f$jfi? y -/ KSOA 1 

mmx «3/h5 < : fio^SiiiOA i fifiSU < , f 

04 (a) iZvki-Xo 

iz. An eq *»'mT'$)0. xt-7-^ yftco^fmmtfrmrfx 
by 4 Tftcommmtftmj: z<t>r 
mwmknm Ltzmmmizi^xmm? s . 

[0092] 4?t. 04 ( b ) X'IZ. Ttfflaa^BcOA 1 
ffifiic*^ y y bJWcOA 1 ffljSJ; D*$ t*&#f«*KftfH 

[ 0 0 9 3 ] *?^=J:£»&ff&|f&&*Ui 

[OO94]05 (a) {4. fiK#«ftM. UStff*^ 

by^r^ff){m^ynL-X^h. 05 ( b ) 14. US? 
(c^tf^&MCio^T 1 tfrt- F tS*^:- K b <rm 
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[0095] m^zti&xoiz, mmmmmit. 
[0096] .rite:** u mikmwm&jiU'Bi.mmmi 

[0097] (mWjfaffi^-FMW) tZ*>X\ In 
GaA 1 Nfc(^jyR*TIBJHi: 0Utf Ga 

A 1 NJl<?)*n#, A 1 z$tsmzm<i&£:2it&t. T 
tfiOTGaNtcTj^^SSj^S^rl.^tC. A 1 5:#tfl 

0.18 (AX ftl d/A ) -'/2^ Hclad 

lz£ 0 . f$Aft«ittfc:? 7 -v ?#&£L3r^SJg<off;* 
[0 10 0] ±IB ( 1 ) itOI nGaA 1 

ItJ>53y?? F«##?5yFJf«Siftip<J:9i:* 
T* S . - Ofctf) . 9 7 F »SH e la d < =3: 

9 *\ J> & v F 1 3: v 0 t» 

4. 

[0101] 07{iSCH-MQWfl|jttCi3(t4^7 / 
Ff IH c i s4 *i;i:#>f Klf H (uid{ zg&^-F 

fcLT. nIGaN/nIGa,. 85 Al 0 . 15 N(H clad 
Atm) /nil n 0 . 06 Ga 0-9 ,N (H guide Aim) /M 
QW/pfl n 0 .o6Gao.9 4 .N (H !uide Atm) / P M 
Ga 0 . 85 A 1 0 . 15 N (H clad A<m) /nlGaN^ 
COimmi^ltz. MQWlil n 0 . 2 Ga,., N#FJ1 
( 2 nm) / I no.ojGao.ssNWi (4nm)#l 
O^tcOMfigi: tTt . ifcffc*Hitf>G a NatglRttfttt 5 
OOcm-'tLfc. 

[0102] H7 <?5««»*«{i3liftt- KjWSJE L=Sr 
VIST'S) 6. fcfc^-FjWfctfSflWCtt. 

r a* 0 1 5r 0 . L § v MEfflBJK J t h #**IE* £ 
=2:4. d 085^2:128 ( a ) &^@8 ( b ) fcjjfcLfc. 

Ax • (H core /A ) • (H clad /A 



(GaA 1 N) tC? 7 'y -rfc-C&S. -Ict) 

GaA i Nmnmzzmfrth&wtffoh* a i 

^^^S>I.SJffiWJiOS©f*M (EO^vSttBfc^)A 1 
fflJSitH) . FJWH el . d vStt 

«*8J»d, ?7 7HifH daJ . ?5-/F/I-*St4«<?5 
A 1 AX A ! FS£« fc<50M^5rH6 

(a) &tfl26 (b) CS^-. 

[0098] mfrktotr* X 3C. AX M *«*><, H 

2 0 cm-img.£X''l^<X'Ztll£+ttX'$>&. %Z 
X\ a* J l OOcm-'J;0'l^< 20cm" 1 J:^V> 
«H£:£tf>Si:. <XO ( 1 ) iCOjiafc:**. 
[0099 ] 

/A^O. 27 (AX fl id/A) -1/2 

- ( 1) 

[0103] ifc. 09(a) &t>'[29 ( b ) tilSiR 
•5ME**<0^9-yH«»flc#it**Lfc. 09 (a) 

«4H guid<! =0. 1 ac m CT)t%r£X'h 0. H9 ( b ) tiH 

suide =0. 2um<T>^X'hh. m.m%mi&ws7* 

- 7 T-(i . rn.mmm.mm t%~>xi^zt . 

[ 0 1 0 4 ] 128 ( a ) RX/ma ( b ) *»4>HJi4>a»$r J: 
ate, LS^aEfflsJSOfcrtKU, 9 7-yvmmn 

G a N0D«JRfiMS» 5 0 0 c m- 1 fc Ltz^X'h^K 

- FcO#£L&vv\-^-?3Sis!!i>/£<3:&. 
[ 0 1 0 5 ] 12 1 1 fcHifi^hJBG a N<0«JKflSjft# 1 0 
0 c m-i<0*&O»«t- H#ftfRW^»^jSLfe. 
HI OfcJt«L-C*>36»4J:3fc:. SKftt-H«*RSEL* 

Fa)iH clad ^jssffH, uids 9»Br%oeee(=R)g 
( 1 ) *kra«<r«*T*Bjg=ri6-c**. fi 

L >! W^fr (i , ( 1 ) *36*«SttJl* d a*/Jx£ l ^^-<7)i£ 
<KT'$) 0. SCH HKfi-CttJbWSJiift 4>n* {Rtft^Kft 
■ Sr*ttWv^»«i:*4ii:36»^. ( 1 ) iScO ( AX S1 
d/A) -'/ 2 £7)ft*>0ic (Ax ftl d/A) -ifrfflv^* 
**&#fcififcl-C#&. **WfcUi. 127. HOW 

[0 106] 
) 20. 08 ■•• ( 2 ) 

eomsmim-tmx\ mmi>znr/9 7-/v<r>m^ 
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[ 0 1 0 7 ] i £ IZ* LtimffiikCOMTlt. Ax^OT 

[0 108] Ax = x, 1 + y I1 ■•• ( 3 ) 
CIT'x tl li?7 7WA lffijL *fcyi»tt=JT* 
m<^Fi^l nffl^^«-r. ?57MCI nj&**iii4 
*^ fc: <±±^ x fl : <oftb *){;x A1 -x In (x In {±^5-y 

KiOInM) *fflV>#UfJ:V*. ttzxT&MlzAl 
*** 2 *t£ «£CHH«C y j „ <Z)ffcb 0 (c y i „ - y 
ai <yAili37««cvraA lffift) iffli^iarj:v\ 

CO 1 09] iCitftnlGaN/nlGa 0 , 85 A 1 
0.15N (H clli /ira) /nil n MS Ga 0 . 9) N (H 
suide um) /MQW/pII n 0 .06Ga 0 . 94 N (H 
guide >" m ) /plGa), 85 A 1 o, 15 N (H cladJ Ltm) 
/nWGaNcoMT'li. x A1 = 0. 15, yi„=0. 0 
6 9 (H suide =0.1 um. WFKlOnHfe) b& 
4. .Kttfr&fc: ( 2 ) gX^tbtit? 5-y F«JP<%fe 
f=N±A =4 2 0 nm<5D*§^\ H clad 2s0. 24 4jumi: 
3:4. =5rfc (2) *Wftia(i3r«^3tB!3aft<?5*^ 

[0 1 1 0] JjE'<?^-;Ax ■ (H core /A) • 
( H clad /A ) L£ v*««D«c#tt£0 1 2 tc* 

fcffi. Jth/da C t T'J>S. H(c^-#-J: 9 iz . J th /d 
act «Ax- (H core /A) • (H elad /A) 

Ax ■ (H core /A) ■ (H claa /A) 
( 2 ) s&b&^ti ( 5 ) ittifyv KJBJ5H cla<l <7)TI8 
fta^****, H clad < & 0-T #"T t 9 7 

[0 1 1 5] x fll • H clad S0. 1 jum -(7) 

Ax ■ lH core /A ) • ( H c i a ^ /A ) SO- 2 
SfcCHl 2A>£>. WTOKHTt-Hi-fiv^S^ffiAS [0 118] 

Ax - (H coie /A) - (H elad -/A ) SO. 15 
Ja±t*fci6*t. ?5-yh*»*H clad tf>«lflfc LT. 
TRW±(2)5S, S4,t=H4 L<J2 (6 ) sCTR^U 

±rr<± (7 ) s&ta* l<{± (8 ) *«o«h. t 

L<*± (9) sJL S^tra* L<W (10) S<7)®Htc 

[0 1 19] vlfltCjD^T, vSttif#FJlJId act: * 
(4 ) sSS^fcSi L<ti (5) a<r>3mtzW&£t&Z 

[0 1 20] H7Hai lTta loaa-r^s^a. 

SWOT*) I n*fij£#a4HjS*S<. rt"?3i&«/S#* 
(ym) 1/2 • (H 

core 

/A ) SO 

(ym) 1/2 • (H core /A ) so 



k , j&hb -c* h ^ > ? ? h mm<omxmL<n± & $ n 

*>-C»v**£*^*0-C\ «iRffiRfcS»>9»4. * 
&vMMtfcttd act i>/Jv3< LfcaraPftn. fiaRJfiai 

2-CAx- (H core /A) • (H clad /A) *H-4hfc* 
V^i-g-tCJ th /d act -2X10 8 cm- 3 i;i5rS. -Id 
T\ J th <l OkA/crn' k-*-ftfcft(Cti. d aot < 
0 . 0 5 m m t -f 4*S?3&** & . JM*)3t*fc: iftfcf, g 
ttJiSWtf 0.05// m£Ub"Cte* * y t*-'<- 7 n 

[0111] J2Ub&»6 , I n G a A 1 N*P—f "Ctt. 
( 2 ) *K*L7t*frtJ J:r^«tt««JWc*rt-*JaT<0 

[0112] d act <0. 0 5/zm •■• (4) 

[0 1 1 3] d act SO. 04 5um --(5) 
>Sr*5. 131 2*»^*>3i»5 J: 5t. Ax - (H core /A) 
• (H clad /A) S^KBBKRS^tUf, 

[0114] 

SO. 1 ■■• ( 6 ) 

[0 1 1 6 ] x fll ■ H clad S0. 06/im -(8) 

mmizmi 2*6 t#a»4 H clad (is,4o^ 
<^s s e3S««r< . ( 2 ) *x»4 ( 6 ) ttffitz-rfm 

[0117] 



(9) 



-(10) 

i>*«WetL&vvfa***4 9*&<3&bfe^ (08 
(a) &tfH8 (b) #bs) . ft-sT. ZcDXo+cVm 

[0121] 

15 -(11) 
[01223 

2 -(12) 
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-r&*>*>, mnamtfi nSr-tr*. *>o ( 1 1 ) jztMi 

(12) J: 3 KRS&WUf . «L$v*ttT\ 

[0123] £Lht=at^!C:fiL*v^*fl;ofcft^)JBflBi 
IftfHHfcBIl 3(Cijc*\ CC0CT-C'{±MQWc0«jtt LT 

In u Ga 0 . 8 N#Fi (2nm) / I n 0 . 05 Ga 
0.95NHI1 (4nm) i 1 HUB 4: -*"4 W 
fcfl*. ^iiiKU^Wat^r**. Ill 3t0CT(± 
£T ( 2 ) *i3J:t^ ( 5 ) ^a&ft£jft£L?l^£. £ 
fc [ 2 ] - [8] ttcntClBiT (11) &<&kt¥l>m 
fcLTV*4. [6] < 1 2) *<0*frfc»fcL 

■C v ^ 4 «T*> * . «•» i*«JrC* 4 #Wi$r < . 

[7]. [S] *>J:3fc:#**»T&oTfcJ:v>. 

[0124]Hl0tiail £JtRl/r*>a»4J:5fc: v 

a*M£U\ zmmmkomi. mi 2t:i^, & 

*3(13) &Cm%tl&. 
[0 12 5] a21 00cm-' - (13) 
$^l:ItL<li«§500cm-' -(14) 

F*> 7/J: Ot^tv^ F*> .yrSr&oI nGa 

[0 126] ( L&V*fiWX£«) ^«fi?#F (MQ 
W) ffljS(±U— «ffl5L*^lS«tC«S9-C*6. *fgHJ! 
I nGa A 1 N^^flc^— <ffi, ^COMQW 

$>3l#JlI;b 0 . ifclnGaAl N^-C"^:# <fRfit* 

[0 127] dtfO^S:, HI 4 (a) -il 4(c) 
^fflV^TI^-TI. .014(a) l±t£*<om®X H5-f 
rt»t?>I nGa A 1 NU— TKiJltSmSitf^Sr^L 
Tn*. £tf>«jrcii, *<l»*ftfc:J:4**l»*--Ffft 

[0 128] £*l£l»<*fc:tt. Xh7-f7i^<t 

j; o.0i4 < b ) <7)x o izarmmx'mfig.tf&tf-? 

[0129] iii.K*tLT. ^mzzzmit-Ffflw 
ffiikx-n . itm&sbmiz j: o sysm^ — f #&5e £ ti h 
tz&miimz£h*-Y^<r)&m\i$3Z%< . ttz±m 



ztitMQmzz&LZ^mmmzk 

lz£ *). ttfWaHdCttftcflfcWC* 4 . § £ fc. Hi 4 

( c ) Ltzx oizpm^y?? hmxnwLtffetfz, 
<7)X\ ay^^hmnt±mzi&mx^. mtrt&ti** 

[0 130] (**VT*-^-yv-Wi±) I nGa 

?7 y FS^UTiR^l 0 17 cm-3J;»)ffiU 

fflv^&J; 5 =5rA 1 v^ttflTWfc:*** '/rig 

[0131] (K^-vyT^JgTk^-r'JT^-A-yo 

J116fc#i£«14, 1 8fc<7)fS|fc:, GaA 1 Nri»&& 
4 ^A-'JT ^-^'-7 0-^11:^1 5, 17SriSttT^ 
■So i^-^^-^n-RSjhJll 5, 17(i5nm-5 

o o nm?)4tmzm^mx'f>&ti#>* m^^-^^cr, 

mmzlifis t'&WZS- iStt S t ey^rw* V 

[0132] i<03T->N*— 7n-B5f±Jitt N FJf 

nGaAl NSTJi, JtUEWS^^-v l> TfSffi^n^G 
aAlNIJiSt^Sf^. ndlco^"— >-n'-7 0— K 

M'-^o-BSFiLJg^fcoTt**^^. IWi, pff.H--v 
'JT^-WN'-^o— B6±«t30^-CtH«TS>o-c. 1 
0 1 * c m- 3 giK^V ^li ^rtll^L^ + U TffiJK<?) pI; 
5-y FJitfflv^4*^tti. Jft'JTt-A'^D-li 

[0 133] pl?7 7 Kfl gco^^'jrjgJK* 4 '®^ 
^c0p(I!l^--A-7a-|»±Sl 7CD3&SI2r01 5& 
tfil 01 5lipl7 7'/ FJ11 9<0^-vl> 

T«JK*U x 1 0 16 cm-n\ tf-^*-7u-|».ibJij&« 
Aoti^i ^Co ^t, a> FltiiS.t>'«^ i: IE7L 
^TJ-^^^L/ticOT'Sb-S., mfrhWhfr%£ol,z. ft 
QNfr*> Pi^77 F JIOKcl" L i ^^<7)^--y\- 7 o 

[0 134] CliltC^fLT. Ill 6JiMQWvS14ai 6 
fcpfl^jSSl 8i:<OiatGao.85A 1 0 . , 5 N^- v<- 
7o-[i6iJi@l 7£ffl1tzi&&&7F;LX^&. z\<r>mi 
7Ci0p c0t|--A- 7 o-A%i:"^< tfr> 
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[ 0 1 3 5 ] ^r-v U T^-^'-7D-|}eihi30^S«i. * 
-A-7 0-f»±JiGai- h A l h NOA l|fljfch#* 

tKth. Wfc. h#0. 2S:iMi4k»fWEE±»*«a 

0<h<0. 2 —(15) 
*>Sfflll;:ft4£i:#a*U>. 

[0 13 6] *^UT*— A— 7Q— Efcitjgt±G 

a A 1 NfcRR* £><DTii3r< , »C I n ^#tfi><OT'S> 
ottJ:<. 47fc5efc:B**tf&arC*->Tk.fcv*. HP 
•^^■v'JTJf-^N'-^n-ISSihilfi. In, Ga, Al 
h B,. s . t . h N (O^s, t, h, s + t+hSl ) 

^ktfrC'&fifcrJ:^. *Jt. L & M QWfCjBl U T 
tin. 

t 0 1 3 7 ] JiSeL/oi 5 fcrat^OBgJBt iiltf , I n 
G a A 1 BN^*W-fti3^t, /r;Kfni 

jest??? KJioy -/xSSiMu zwmmiz?? 

[0138] (m2<7immmm) mntt. awwiosi 

2 cnmtmmiz&b h *mfa ^—f<^m&^-tmmm 

[oi39] m*3 on-y-y r4 rmmx-hK) . z<r>m 

S3 0«±CGaNA 7 7Tl3 1, nlGaNny^ 
7hB32, nlGaAIN;77Hi33, nlGa 
N^/134. nlGaA 1 N;t— A— 70— RfriLJg 3 
5. I nGaN*»4>*4*— *F#F (SQW) iSttfli 

3 6, pIGaA 1 N*-^—7U-ffistm3 7. pS 
GaNiS13 8. p2GaA]N?5'7K13 9* ! i 

satins. c:a^c7)^B B B)S:ft{iMocv 

[0140] p!GaAIN?77 KJf 3 9(i^.h^-f 

IZ£ 0 ? 5 / KH 3 9 (CX h 7"#<0 >J - y 
SftT^S. pSG a A l N?5y H^39cO>; -yv-'SB 
£W= , nil n G a NftHfljA^Ji 4 0 fr'iMtRfWcJIji 
^ffM^il, ?f>^^7-yh'@3 9S.l>'^ji»^4 0 
±fcti. pSGaNJf4 1. pfInGaN3y;;h 



JR4 2*%^B)c;?iiri^. -ril^cD&jBJ&fti . M 
OCVDft^^liMBEaCioT'fiMS. pfln 
GaN3y^; hJf4 2WnfGaA 1N?7?H1 
3 StX'tffiffi-mzmiZtl. nSGaNa^^MI 
3 2<?5— gBa*SitJLTV>&. -f-LT. pIGaN3y^ 
7 h«4 2±(Ct±pffi!ll:fii4 3**#JSS*U nlGaN 
3>-^^h832^S8 SJ«±(=« n 4 4 $ 
tlX^t. 

[0141] ^mtmrntm 1 tfzm 1 <om^® 
trjrs*a. vgttsa5*^asi i #F-c«i^< . i n 

G a N frb $r h #F 4: & o X \ * h i t 6 . 

a^Ji^aa^ti^ti: 0 t » c^I#±#LT L4 

d a*. «ftjiJ9»«a^-r« £ t iz x <omfcm$:£im 

[0 14 2] £O»M0BlttTtt, ?^:3y^?M4 

2tUpIInGaN$'fflOtl ( ^. pIInGaN 
iJpSGa NlCjrb^T^'V-H^-v v \,WX\ m 

mtc?>me>i'3 ■yh*—m&£i&mx~t>. i>??h& 
[0143] (m3commmm) m 1 *%BB<7)m 

[0 144] 04>5 OiinSS i cmmX'$><0. itfO* 
S5 0^±tCnaZnOA' 7 7rl5 1, nlGaNl 
5 2, nSGaAlN777H153, nMGaNSliS 
J154, nlGaA 1 N*—J<— 70-RSjhS5 5. I 
nGaN^lIftF (MQWvgftS) 56, plGa 
A 1 N^ - — yC — 70 — RfeihIB 5 7 , pSGaNitf5 
8. pIGaA 1 N?7 7 h'J15 9* i f£^J^St$ixT(('> 
^rfc, ;fL^>cO^ H a H ^{iMOCVD^, MBE 

[0 14 5] pIGaA 1 N 9 7 ■/ HJS 5 9 (iX h 

J: 0 ^ 7 •/ H Jl 5 9 ICX h 7 -Y 7*««0 ij . y iS&imfS. 
<*tlX\>^h „ piG a A 1 N ^ 7 y HJ1 5 9WJ*/ i^'SP 
WJ'KC . nil n G a N3tHj2^« 6 0 TWMiRWKiEi 
$ ^>tr^ 7 y HJ15 95.^^2^^ 6 0 
±tc«, pSGaNrjy^^ b®6 l*^fi^jS;$^r 
-eLT. pIGaNH^; hm6 l±^{±pfflS 
mm6 2*%M$ix, nIS i CIS5 OtfO^MWin 
HUES 6 3 #ffM£ *i"C ^ 4 . 

[0146] ^msmmx-u. mmsot Lxmw&n 

3jfaGtfttZtWC& &fztb. ~?*7-yYWfiti 

[0147] i^±cr>mmmmxit±mmbmt.Lx i n 

G a H<r>^^5viLtzi)K ^Wmztlizmfcth i><7) 
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?HIn, Ga, A 1 r B,.,.,., N (0<pS1, 0 
gq, r<l. 0<p + q+ 1 ) T'liftlf&l^. £ 
tz. 9 7-7 HltGaA 1 Nc7)^^>-r\ In, Ga, 
Alj Bi-j.y-! N (O^x, y, z, x + y-f-zS 
1 ) fcfflufcc: 4: 

[0 148101 5&J/01 6T'^£ftTUftJ:-?(;:M 
^ffltijDWgHtfO— OhW. dftt±. MQWiOifgcA* 

*^I4fB»(c^ft. £0*^*ffi»f-ftfc:ttlWHi 

<^/S££/h£<^ft£h#*2ftT'<bft. Srfc. KM/fcT) 
*3##F*«/PS«rtt;t£i\J::3fcRsrrfti:, JUS 

[0149] (ff 4a%fg$!B) 0 1 9{i*^Bjcom4 
OSdWBIIMcffi*) ft 1/ ~«rtf>«JS £ jjrT BrffiST 
J>ft . 

[0 15 0] 04>7O{i-9-7r>frS«t'?)O. 
S70i7)±(:GaNA77rl7 1, nMGaNrJV? 
?hJ!7 2, nlGaAlN;5?KI73, nIGa 
Nitl7 4, InGaN^fif#F7 5, pIGa 
N?*i&/f76, plGaA 1 N9 y ■•/ ¥M7 7 , pIG 
aNJr+y7178, pSI nGaN*Hattl7 9*5 
JBfiRSftTHft. Pltl nGaN3CHjaAJi7 9ttraB* 

A&AM: M O C V D M B E ffife: J: -j r *>n 

ft. 

[0151] pSG aN^ yTJf 7 SMpSG a A 

in;57 Kfl7 7«i*h7-rraw**i$vvc?7-;,K 

«0±tCpMI nGaNftPfja^Jl/nV:?? h-/f 7 9# 
»fi££ftft. ,IOlSM*t)MOCVDS«V^iMBE 
ffitcJ: oTft;bftft. 

[0 15 2] Pil nGaN^j2=^il/3>-^^ h« 
7 9KnIGaAI N?7 7 K17 3 £ T^gMi-ffK;: 
l$S£ft, niGaN^y;? hjf7 2<7)— 3P#gajL 
T^ft. .rcr>f&. pflnGaNJiTOftl/n^? 
bJ17 9±{c;(ipffl!JmiS8 0. niGaNay^^M 
7 2 <0»ffi»±tJi n (MVS 8 1 tf&tft $ ft ft . p fl« 
ffi8 0(C{i. mUSPt/T i N/T i /Pt/AuCO 

10 l 5 3} Z<Dls-WftftmmZI n a Ga,. a N 
#F1/In e Ga,. f NKMf (a^e) A^&ft^ 
mgi?#P. RtfGaNWftJifcRftfcSCHflliSfcS: 

->-0">ft. 

[0154101 9(C^L^«it<7)#®{ipS I n G a 
ft. .1 S£ B a Bfi)c^±2[51T-Sr^, 20B<7)|f)j)c^ 

tas?(fi*T*ftse«{i*v^ aaftTfiwifcr 



#>#mgi£ftft. 

[0155] — ftfl:8S$fc5gl£. pi 
Ga A 1 N?77h'I77t P II n G a N 3fcP??3i#>/f 
7 9 tcora^f-oKMtcJ: OUSt;* ft ft. fip*> % 02 
0 (a) tC^bJtidt, P iGaAlN777h'It 
PSI nGaN3^? hJStCOlfHt-tSttftfiDiV^ffll 

*Hrii«ac69feifatft«r^. x Harare 

ti, plGaAlN?77KI77tpIInGaN3 

£ ft P M G a N * y 7*J1 7 8 tflfctf" £>ft 
T^ft 02 0 (b) tc^L/iJ: aicv-roREM 

iU£#<ES£ft. m^A^fCsSftft. 
[0 156] I nGa.Nmi%ffl&sbm/^>?9Ym 
izm^&Z tcr>. bo — ocom&li. ^WT<07 77H 
m<r>**»T&mt L-C«^ffiSrH^X'#ftCltT'*> 
ft. *3FJJ#fcOl»t=J::h.lf» I nfflj£#o X 
V"> I nG a A 1 N £R ItfcWSfrCli , -?-coT<0? 7 -y H 

m<r>*xv rmwm < * ft - 1 £> tnz & r, tz . m 

GaNaW hJf O^^WipI!? 7 •/ K 
M<0* J rVT®&tfl x 1 0 16 c m- 3 IilTT$>ofv:t<0 
A*. I nGaN/f£i£(tft,I fclcj: 0- 5xl0'«cm 
^tLhfc-fftCfcj^Sfc. CftJi** (H) ^(cift 

Mgr^-fer^ o^ttffc#wj ? ft ft ci k izmm-r ft 

t^f^ft. CfttCt 0, I nGaA 1 N3feffli2^>«* 
KtfarwHijtKJt^T^-v U T^--^<-7o-*i^:il@(c 

[01571 02 Ocvn&MX'lt. pi? 7 -y K«*idf 
■v'JTfgSxl 0> 6 cm-3«Ga 0 . 95 A 1 0 . 15 N, p 
h^'df-v <JT&l£l x 1 0"cm- 3 «I n 
,. ls Ga M5 N, p^ + 771^^'J7M1X 1 0 
!7 cm^cOGaN^ii-^Sr^tTVift. dft^>cOffl^ 
dft(cR8- 5 ^i><^T'(±^<. pI?77Hlt 

§$5rJtoTV'>ft«.fiV^. 

[01581 020 (a)<Opi;77^1tpl3y 
??h®A>\ ^fnplGa 0 . 86 Al 0 . l6 N <3MrU 
7M5X 10 15 cm-3). plln, Ga,., N (^f 
■V 'J T®% 1 x 1 CM 7 c m-3 ) <0«^<0tKlt**-«JE 
tttrI2 1 t^-T. 02 0 ( b ) co^r-v -yr««ix = 
OcOGaNt'. ^cOJ§^C{±«JE~3. 7Vtl^-ffg 
SZTOfcfift ( ^iO«Etc<in y 9 9 hSfit^ti^T 
^=Sr^) . — #. I nfflfigxA^^ <^rftfcSsS* { B5ft 
fi<^ftCi:*^ft. x#0. 1 J:0^§^»)f^«JE 

(-3. 7 V) T'O«eii(g<±l/2OTi:=Sr0. 01 9 
iz^-fffimnt S (C+*«^SSER«Sft«3&«» A>ftft. 
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[oi59] zcD^vmmizx&nffMjtito&ii. p 
2mmco*^ >jT®mzi>m&i-z> , m 

*.(4\ Pl?7 7 H®i7)dr a- U Tmm? 1 x 1 0 17 c m 

t, 01 9iz^ffimt,z&uz^ ; rvmmzj:&mmm 

f^lxlO"cm-W, pi;7 7 KJfcOA lffl 
Jfcfc pI3^; hilc7)I nffi«OW?r0. 2 5&±b 

«*>»«a»4>tt PI777 F -v U Tffi£(4<£-f 

S^L<IS5xl 0 16 cm-3ULh*^^<, 

[0160] sfe. ^ammz±&mffim±$)mip 

iGaAl N/pSI nGaNOffl^fc-tflcRSS *>CD 

< t h z t wet* h<r>x\ mm?&mcw<> f^s 

22\Z^ nlGa,. 85 AI 0 ,, 5 N (^97^15x1 
0"cm- J ) » nil n, Ga lM N (^A-'JT&JKl 
xl0 18 cm-3) i^ix^il^y y^mRt/^y^^h 
aicfflv^^co*^S-«E#ttS:^-r<, nay? 
7hm<r>l n«j£x#**<*4fc*ffij&»aai«<55r4 

-r £ hfrx-h h . z <o*&te« x ^ o . 15 T+ft 

[0161] (»5<0|tai»JB) 02 3(4. *fHH«0SS 

[0 1 6 2] 0<4> 9 0(i:-t7 r^T^KT* 1 ?. -CDS 
S90cOll:GaNA 7 7ri9 1, plGaNny^ 
9YM92, pIGaAIN^77h'193, pIG a 
NSS&JI94. I nGaN^MW9 5. nlGa 
N^i£J196, n!GaAlN?77F197, nlG 
aNdf-v-yril9 8, nSI n G a NytffiQJshM 9 9 * 5 
JfM$*VO^„ nil nGaNft3!j£* , >JI9 9(4|3]« 

[0163] nlGaN^ffy7i98MnlGaA 
1N?77 Kg9 7t4*h^ra5#£B£l,vC??-y F 
JKOJft+i-CX-xf-v^^cSft.. iilti 0 ^ 5 -y H 
197(:xH7^f TttcoV yiSUffBf&2tlX\*&. Z 
«il:nll nGaN3tH2>^JI/3>^^ F®9 9# 

[0 164] nil nGaN^BIS^Jl/rJ h/g 
9 9 pIG aAlN?77 FJf 9 3 i X'tf&ftfftiZ 
pIGaNny^? hJf9 2<7)— SWStiiL 
nIInGaN3tM2rtl/3y?^ 
hi! 9 9±lZltnmWMl 0 0, p!GaN37^;h 

a 9 2eosaigp±tc«iprom©i o ia*»j*3*vo* 
4. 

[0 1 6 5] 02 3teA*LfcfliaTl±, nllnGaN 



01 9<0*&fcra«K, ISflJfc*«2EIT»tr. flfce- 
F»J9M>«raBiH 1 9 in tx-h o . 2 

s£(4, nlGaAlN?77Hi97tnIInGaN 

9 9 k <r>mn^7-^mmz x >ommzix& . 
z co^r- d m^z x h mszm±<7)$)mm 2 2 ttz 
m^x-foh. 

[0166] 'vf-DKMtciSltSaih^mti, 21i 

7"gB-C(4. y 7"g**7c£-$-#' 

4 k . mz-*fflc?>'<y F=¥-y y7-2:«roJf-v yTM^Wi 

F x -y T^ffl*^ him.<?>* A- y riJ fgftS k & 

[0167] (sse outran) 024(4, iammm 
6 comffiBmizi&b h u— y ^-rwffiia 
■eft*. 

[0 1 68] 0^1 1 0t4-?7 T-f T^KT-J)^. 
SI110(7)±(:GaNA' 7 7rllll, nfGaN 
3^?M112, nIGa 0 . 8S A 1 0 . is N 7 ••/ H 
11 13, nlGaNSgflH, InGaN^ll 
1 5, pIGaNiSf 116, pIGa 0 . 85 
AI0.15N777HH 17, plGaNSH+vr 
1118, PIIno.o 7 Gao. 93 N^2^7rill 
9, pII n 0 . 15 Ga 0 . 85 N3feffljiy)Jll 2 0*%M$ 
nt^li. pSI nGaNTtfflii^ll 2 0(4[5lB$(C;p 

2 1 (4 p fflllH® . 1 2 2 (4 n ffl«ffi-C* S . 
[01691 dcO0(C^L^jgT(4pSGa o . 85 A 1 

o.i 5 N;77Fil 1 7i: P SI n 0 . 15 Ga,. 85 Nftm 

&tbm 1 2 0 1 crimim^^ <><■> v*'^ y -rmtf*. 

Xh7^f7l|i«77 7 KJiitti, plGa,. !5 
Al,. 15 N;77H1117!:p|tn 0 ,, 5 Ga M5 N 
ftffi&thm 1 2 0 k<7)*Wl<W<y F^-v y7*Sr»o2S 
»«o^ a- y 7'S 5r g(t T S> & . y n' y H 4f-v-y r (4 p 
7-yKJl, W,\**r-y7m, m2** yrm. ftffl&fr 

m<r>\mzjh ? < =5r o t v ^ < 7t:a6 . ^^oKM^SPgWlc 

[0170] '02 Acr>mmmx'\±^Wi^> k=¥-v 77 

£f$o3f -v 7 7M21J: LJt#. vl*itRRS i<7)T(4 
i6tT. Zbt,z$,fm<7)*x y7-M£mA-?&Zki>2) 

m^mx'hh, 

[0171] {w.i<r>mmm) 02 5(4, 
i^mtmmizmfr&^mfoi'-vnffif&zm-fmmm 

X'$>&. 

[0 17 2] m<P 1 3 0(4-9-7 rJTWfiLX'h*). ZCO 
SSl30«It:GaNA'77rll3 1, nIG.aN 
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3>^7M132. nlGa 0 . 85 Al 0 . 15 N;77K 
1133, niGaNSiSil34. I nGaNMl 
^#F135. pSGaNWf 1 36, P IGa 0 , 85 
A l 0 .j 5 N|ll pI?7-/K11 37. plGa 0 . 85 A 
l 0 .i 5 NS2pi;57HI138, plGaNSU 
A-y^'ll 3 9. pII n M7 Gao.93NI2^■V77• 
1140, pfil n,.i,Ga,. 8 ,N3ISBfiftil4 1*« 
#*S*TO*4. pII nGaNftfflS^ll 4 Him 

*C01 4 2fipffi!im«i, 1 4 3«2n»8;fiiT'*>.&. 

[0173] 'J T&Jgii, W> 1 pl^5 -y H 

Si 3 7**5 X 1 0 17 cr', S2P1777H11 3 
8*'5xlO l5 cm-s. ^m^-xTJIl 39. 91 
2^ J r xTai4 0. 3tSM)l/3y^? Ml 4 1 
Jivvfft-i 1X1 0 17 cm-3fc LJt. 

[0 1 74] £«0HC*Lfc1*ii<*>W«UL vSttHIlW 
951 p!^77 Ml 3 7<0^ J rUT^JS5r^:^< LT 

wa«)Jii 4 1 tm-tzm2 pm??-/ mo*^ <jt 

JUi{illl9. 0 2 3atf02 4<D«^l:H«T*4. 
[0175] (*8<?>£Jtffflg) 02 6fi, *JHH^)SS 

8 commmimbz is-wmntz^wmm 

X'thh. 

[o i 76] 0+1 5o\t^-yr^rmmx'h r ). z<n 

i«150«0±t:GaNA-/7Tai5 1, nlGaN 
3>^nil52, nIGa 0 . 85 A! U5 N?77K 

115 3. nfGaNfiS1154, InGaN^ii 
f#F15 5, piGaNg»1156, pIGa 0 . !S 
Al 0 . l5 N^lpS^77h'1157, pfGa M5 A 
Io.i6N^2pI?77K1158, P lGa,. 85 AI 
o.i 5 N|g3p^^7y Ml 59. pSG a N3f ••/ T 
ill 6 0. piln,., Ga 0 . 9 N*fflM116 lt>< 
m$LZtlX\^h. pII nGaNftffliZ^Sl 6 1(2. 

04><O 1 6 2 ti p dims, 1 6 3 «2 n fflR&X'hh . 
[0177] £<9g8»Bfflfci3»t4*««9*-v UTUf* 

ti, SS 1 pl?7 y Ml 5 7#5x 1 0"cm-3, 95 
2pI?77Kil 5 8**5 x 1 0 1! cm" 3 . S3pS 
?77 Ml 5 9**5 x 1 O 17 cm-3, *x -/T 

116 0, Imik)t>m/?V99 Ml 6 HtV^tli> 
1 X 1 0'7cm-3-e&&, 

[0178] i«oat:iPUfe«st<o»fs«, vsttirow 

951 pS?7-y Ml 5 7<0* J r 'JT^J££*#< LT 

m&#>mi 6 1 >fg-t&S52 P i?7 7 m<?)*-v ut 



[0179] (M9commmm) 02 7<i, 

9 axftjBiB&ffifc i, mi/ — r<mtm& ^-rmmrn 

xhh. 

[oi80] m^pn o^vr^rmsLx-M. z<r> 

lSl70<Ol(:GaNA' 7 7rll71, nSGaN 
3V^;M172, nlGa 0 . 85 Al 0 . 15 N?77K 
1173, niGaNSffll 74, InGaN^ti 
^#F17 5. pSGaN^1176, P IGa 0 . 85 
Al 0 . 15 Nglpl^77F1177, plGa 0 . 85 A 
l 0 .i 5 N952pS>?7'yMl78, P lGa 0 . 85 Al 
0 . l5 Ng3pI?77! < 1179, plGaN^f+77 
1180, piln,., Ga 0 . 9 N^fflaftll 8 1 . 
Piln)., Ga 0 . 9 N3y^Ml8 2«^ 
TOS. Sfc. 04x0 1 8 3iip«l®, 1 84(2njl 

[0181] zcr>mmmmiztsft&&m<7)**vT®m 

ti, Ilpl^77FI177^5xi0"cm-3. 95 
2 P I?77K1178*'5X1 O'fcrJ, 953 pI 
?77K11 7 9**5 X 1 0 17 cm-^ df-\- -/Til 8 
0*U x 1 0 17 cm" 3 , TfeKa^l 1 8 1#1 x 1 0 17 
cm" 3 , ny^Ml 8 2*>'5x 1 0"cm- 3 t* 

[0182] Z (DmiZ^k L/iiitf)fflli, 02 6^ 

(c, Zt>t,z*vVT®lg<7)m^y?7 Hi 8 2 2:15 

M$^S^^tc, »fls«EE£:*BfciB:»f 4 i tiPC* 

[0 183] 3rfc, Z<D£o?£*rX i )T®m.<rym\^V 
9 7 M £ Rtt 4 If it Ji , - ^WeBJBtlS & t Otfi 

m4~~m7<?)mmBimmzitiLxi>mmx'Zz> 

ztii.^i£X'i>&^. 

[oi84] (951 oeimmm) 028U:, *%wco 
mi o<vmmmt,zmb&*mfou-?<?>ffifc£K-fM 

WMX'hh. 

[0185] 04>1 9 0(2-9-7r-fT»re£>9, Z<?> 
Sf 19 0»±tGaN^'77rI19 1, nlGaN 
3>^?M192, pII n G a NftPBjA*')! 1 9 3 
jWBJfcSfl/O**. pII nGaNftH3i#>«l 9 3S. 
IA' nMG a N 3 V? ? M 1 9 2 <7XL3B(i, -?-<7)— 

±C niGaAlN?77H1194, nlGaNS 
fell 9 5, InGaN^M?#F19 6, piGa 
N*£&!197, pIGaA 1 N?77 Kl 19 8, p 
IGaNI199, pII nGaN3>^ M2 0 0 
mZ&LZixX^h. OiO. nIGaAIN?7 /Hi 

19 4 (CTdtC fl<0 1> y ^'3BA<ff2J& $ flT ^ h . S 7t , 
04>c7) 2 0 1(ip IiimiS , 202lin ®mMX'h h . 

[0186] C<0SQt»JB"C<i. TfcRftitf)! 1 9 3*«*S 
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mS&m 19 3 t4^#Fvgtt« l 9 6 t^iSSL-C v> 
ZtzMZ. ftffl&lbm 1 9 3 <0«C»^lHrc»ISJ!B 
< =5: 0 . ZttlzX *)B&L2ixKmtt 

[0187] H2 80^£fl«?*lli<?)&Al£Att. 

1 0 g OffcRft V" 2 HI g M O C V D mXli M 

BEffiTtTi?fLS„ iOflBftt,ISAj«***2IarcartJk 

tO 188] (*1 l^tatJBJB) 02 9«. 

[0 1 893 11*2 1 0*i-9"7r>f TS^ffcO, CcO 
*l£2 1 0«0±(CGaNA>y7rS2 1 1 , pIGaN 
=jy??hJ12 12, pll nGaN3fcWii#>Jf 2 1 3 
#»(ftSivro*. pM I nGaNffliiftl2 1 ,3ft 
^pSGaN3y^7 1 2<7)±gP(i. 

Jit, pSG a A 1 N?77 FH 2 14, pSGaNS 
&J12 15, InGaNMif#F2 16, nIGa 
N?Ii£Jf2 17. nlGaAlN?57K12 18, n 
MGaNJf219. niInGaN3y^?M220 
^{KS^T^S. 124*7)2 2 Kip fflWEfig. 2 
2 2Jin«tMT*ft. 

[0190] ^OSaUKJBTJi. *JB<oaWSa«ll 2 8 

*«n 2 8 t mmx$> w,i2 9 wmmmmiz 

mf^m^M^iipmGaA 1 N^5.y Kf214tp 
MI nGaNftRfl&tf)^ 1 3 fctfD'Vrap^tJ: OH 

jasivcwg,. Jicoisati, friBiai9, m24~~m2 

7 wcm tricot mmx'h * . 

[oi9i] -rn.^T'wniSff^r«±. 3>-?? bmt 

LTI nGaN*Jfl^fc*£-£*U!:0«, £<75*f8fc:|R 
^?ill> tWT-(i^r< . InGaBNinlilnGaA 

MI nGaBNfiS^fipII nGaA 1 BNtf|,;i: 
<0#St3(Ef6HBc7)^5:gi^-rJiHr, I nGaA IB 

[0192] mmtyyrj rmmzmfeztiz 

hC0T'i£%<, SiC, ZnO. MgAl 2 0 4 , Nd 
Ga0 3 . LiGa0 2 . Y 3 Al 5 O l2 (YAG) . 
Y 3 Fe 5 0 12 (YIG)f&ffll^;t* { t^l.. 
[0 19 3] (JK1 2<7)mZ&m) i3 0li. *¥tty(?) 

mi 2nmm&mAzi%hz*mteis-ycomf£*:m^m 
[oi 94] m^2 3 oit^-y r ^ rmmx-h*) . Z<D 



ffi£230<7)±tCGaNA.y7TJI23 1 , nSGaN 
a>?7Ym232, nlGa,,, 6 Al,. 1 sN?57H 
S233, n!GaNI»l2 34, I nGaN^fl 
^#F2 3 5, pMGaNig$yi2 36. pMGa 0 . 86 
AI 0 . 15 N?77KI237, pIGaNJf+7712 
38, pll nGaN3V^?h!239, nlln 
0-1 Ga 0>9 N3fcJH3&tf>JI24 0 , piInGaN3> 
9?\~m2A \im$L^tlX\^h . ttz. m#C02 4 2 

«i p omm . 2 4 3 « nmmmx'h & . 
[0195] z.<nm$mwr>\s— nm.<^>x oizvmz 

tlh. IH*>. r-<TS$t 2 3 0<?\B;:G a 

77T1231, nlGaN3y^?M232, nf 
G a A 1 N?57 VM 2 3 3, nMGaN*jfcJl23 
4, InGaN$Mf#F23 5, pSGaNiif 
236. pIGaAIN;77Ht2 3 7, pIGaN 
d f-v-/r«238, pIInGaN3^^M239 

;o±cs i o 2 jbi^hmu 7 

* h 'J V ^ 9 7 -f 9 tZ X 0 X F 5 4 TS5 £ fife V vt P M I 
nGaN3y^7M239, piGaN^ft? Til 2 
38fi^plGaA 1 N^7-y HS2 3 7C0— SCSrx-y 

[0 196] act. 2|lia<0«*TnfflI nGaNJKBB 
a^Jf 2 4 OMpII nGaN3y??M241J 
B^th. Z<V2®g(Df$,m±X byJ rgCcOS i 0 2 
«*»Lfc*ifr;taft.. .IfUcJ; 0 S i 0 2 _hi={±tSft 

fr<Q>&M!RfiL£lzi^X?ft>ti& . =Srfc. n^ffiflJcox 

•y f - > ^« 2 e a o«fi<offlrc t> »t <> ?rte-c* 6 . 

[0197] 4£gnM<?>&8K*. -^.USt^flBttt 
ttr^-T. «Sft«** t 2HI-C«artrj«-pft4. ifc. 3^ 
^ hS^'x h y°umfx Yvl y°mzi>Bf&ZixX 
l^tftC, ^ffi«:ffi^3i^i:-S.>rt* i "t'#. Plln 
GaN3y^;M24 1 l£i>*ffitf&&i, CttA-j 

[01983 (mi 3<nmmm) 113 i\*#9&5w& 

1 3<7)HJfi^«{C^^>^W*U—if^f£5r^-rf^ 

[01993 ^mmmizti^^mmmims oic^l 

20Sett»!Bi:«HIPIt-C*6<0"C, -f-OBL^ 
tfcBJtiitfB&t- W^SSMHi. I2l3 0^tt^pMI 
nGaN3V^7M239Sl>'24 1 <7>ftb 9 K p * 
IGaNS 2 5 0ftt/2 5 1 Srffl^T^SCfcTAS. 
^mplGaN^t7/i2 38J; K)**VT®& 

[0200 3 H3 1 commwmX'ii. nMVMZ 
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[020 1 ] ( * 1 4^HSE^® ) S3 2(i*%H^SI 

T'$>6. H+2 6O«-0-7 7"fTS*rc*>D, CicoffiS 
260fiO±lcGaN^S - y7ril26 1 . nlGaNny 
99VM26 2. nIGa,. 85 Al 0 . 15 N?77 KB 2 
63. nfflGaN#ttJ12 6 4. InGaNMIf# 
F (MQW) vgl4Jf2 6 5. pMGaN^jgJf 2 6 6. 
plGa,., 6 Al,.isN^77l { 1267, PlGaN 
^-/TJf 2 6 8jM&g}gj£§*lTl^&. PlGaN^f 
fy7'1268fcJ:i;plGaA IN??-/ KJf 2 6 7 

Clix(c J; 0 ^ 7 v K«267^h9^r*5<OU 
<yi?&tf l W8£tLXy&. plGaA 1 N?7-y KJf 2 
6 7<0'J 7ym»«I«tnIGa 0 , 93 A 1 o. 07 n tE 
0B2^>Jf 2 6 9 A*aS?«tcaa»JB*Sii. £ f»C^fY 
■y7'«2 6 8. KJI2 6 7 &.t/*fflj£#>Ji 2 6 9 

K:liplGaN3^^ KJ12 7 OtfffM^flT <^ 
5. 2 7Uip«ffi. 2 7 2«n1EffiTfcS. 

[0202] 42£fl^«>4^ttfcffl&ftJ| 2 6 9 tC^ 
KJf 267«£ , 5A l«j£tfVh3V*GaA 1 NSrfflU 
TV * * .1 fc "C* & . ^ixlci: 0 (cRS&flliitf 

[0203] h 5-f TJkOSgt 

WJffltf ***** v^S^tSeRSiiS**. IMP* 

**WJ&z>«J: 0 *S < i i: a**KT*4 . m 

i£ltzm4frt>hfr&£ol,Z. | An eq | S2x 1 O" 3 

»4>*i6. 03 2cOH)IS^«c75CajT'<i, 7cBl&#>Ji<0A 
l«fi££0. 05Sx„gO. 1 OfSWfcSfc&r* - fc 

[ 0 2 0 4 ] Lfc J: a fc*gSM0BIBfc: .fcfttf. I n 
G a A 1 BN^^EfrU— TtCtSV^T. ///Kfni 
&8&>—1j0)9 7 -y HJBtc 'J -y >*»*jBjfcU £0 U •/ 

[0205] {mi 5cr>mmmm) 03 3wm^ 

i*2 8Olit7T'(7lKTj>0. £«>26« 
2 8 0<0±(3GaN^<-y7rJ12 8 1 . nSGaNrjy 
^?M282. nlGa 0 ., 5 AI,. 16 N??7 H«2 
83, nSGaN#&Jf 2 8 4. InGaN^M^# 
F (MQW) v£ttJf285. pSGaNSi&Jf 2 8 6. 
PIGa,,- 85 A 1 0 , i5 N777H1287, piG a N 
*-vy7*Jf2 8 8jM£*»l£$*vC^4. PlGaN* 
•v-yrjf 2 8 8*}J:tfpSGaA 1 N^ 7 7H1287 



i 0 7 7 ••/ KJf 2 8 7 iCX h 7°ttc0 'J y ^'gfo&*Jgj£ 
$^T^4. pIGaAIN^77H1287(Ol)7x 
aUjWfcOflWfo: nlG a,. 93 A 1 0 . 07 N:fcBli&6Jl 2 8 
9 #«RW(3Itf>&*»J* S *U S 6 tC# -v -y 2 8 
8. ^9vFJi2 8 7at^3ttiaBi«>Ji2 8 9±t:»±pffl 
GaNJf290. pfl nGaN3y^;M29 
»J«S*UOv&. 2 9 2liplffi. 2 9 312 n 
S. 

[0206] *ISII9B!B-Ct4*ma»Ji 289A''pSG 
aN8Rgyg286C&LTJBj£§ilT^&£a*03 2<7> 
jlSgJgfgfcliil&l.. £W J: vvCi>J*3&* 

[0207] <m 6(Dmnmm) H34«*»«wiis 

1 6<?55d6«JBfc:Wi3&iN»«cu— >f^fitJ££^-f»Tffi 
HT**. @4>3 0 0{i-9-7T^rS^t'fc'?. dco* 
S300»B:GaNA77rl30 1, nIGaNa 
>??K/I302. nMGa 0 . 85 A l 0 . 15 N?7-y KJf 
303. nSGaN^S£Jf3 04 . InGaN^Ilf 
#F (MQW) vSttJf 30 5. pIGaNfiSi30 
6. pII nGaN^f+771307. piGaN13 
0 8. pIGa,. 85 A l 0 . 15 N757F13O9«I 
»J*$fVCVv&. plGaA 1 7 KJf 3 0 9. p 
MGaN/f 3 08(i^ K5^7°^fr£|$Vvtx y^->?' 

CfttCiO. ;7 7K13 0 9CXh7^7' 
4fcD U y S itT ^ S . ;<O±KpiGa 0 ,„ 
Al,. 07 N*PS|&tf>Jf3 1 <K plGaNHV?? KJf 
3 1 l* J 7TM^ftTV^. 3 1 2{±p«@. 3 1 3ti:n 

[0208] *mmmTa. ±m^>m3 1 oa«ps 
T*47ti6. ttft**«2ni'rartr. znmmx'U. p 

IGa M3 A 1 0 .o7N3taii«>fl3 lOipflnGa 
N^-y7°Jf307fc c7)^-r aWStc J: 0 «S«W&Wf 

stci omjiiiisax^rv^ ^ h 7 a 7&x'i*v>m 

GaNjf3 0 8^'pMI nGaNJft7/t307tP 
iGaA lN^-77 VIS3 0 9 t'VmzBf&ZtlX*'^ 

^vmmti&mztixmtis.tfi&h.z. ttz. p 

lGa M ,A l 0 . 01 Nftffl&lbm3 1 OfiOStff^pM 
Ga,. 86 A 1 o. 15 N?5-y H^3 0 9 «fc 07c§ UCOT. 

[0209] mi l<n%Wm.) 03 5(i*^cr)m 

T A 4 . 3 2 0 iiif 7 r -f T 0 . Z atitM. 
320«±CGaNA'777l321, nlGaNny 
99 h«3 2 2. nlGa 0 . 86 A ! 0 . 15 N777H13 

2 3. n!GaNiM324. InGaN?lif# 
F(MQW)?Sttl3 25, pIGaNfiI3 2 6, 
PiGa ) . 85 AI 0 . 16 Nil^77K1327. pIG 
a 0 . 9 A! 0 ,, N|f5 2 9 7 -y V!§ 3 2 8#fi£ft^J££il 
T^4. pSGa 0 .9 Al 0 ., N^2?77HI32 
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8. plGa 0 . 85 A 1 o.isNfH 9 y v YM3 2 7(4. 

^6. ^77^1327, 3 2 8«0U y ^m^(-<?3fflJ^ 
CpIInGa N^mi2^>Ji 3 2 9 tfSftttCa&AjB 
Sfcfc. ?7-y Kil3 2 8&l^fcB!ii#>Ji3 2 
91ClipiGaN3^^ h«3 3 0*^gt$fl-n-> 
So 3 3 1ttp«f. 3 3 2ttnttfi?fe£. 
[0210] ^Ofe»SO«»tHtliffi 1 C7)»*te?g®t 

mmizmtmrnrnx-h s *\ v v ismKtfiMTiii < & 

V / iSBftb-fS £ fc KJ: 9 . »2 7 5 ? K« 3 2 8 + 

GaA 1 NT««Lfe**fll36fc U it?l7fy^l: 
<£ &X >y f-i^a**)*** m LX £ . 

[0211)03 6«±fE*«B»JB««Jt*ffJS^4x 

OJi. rta»5ffllfiStC^oT3-f/l'tt<^««ffi3 4 1* J 
S»t£*U jaoX^-7-3 4 2.&y : NaOH?§?S3 4 
3S:fit»U-C^4. X^-5-34 2«i, 

L. NaOH?§^34 3*mttZ>. NaOH?£?g34 
3fctt. GaN*^Ji«Ha*»J«Lfcafi«34 4**S$ 

[02121 .TCD*#c3 4 4 (2, SSftaftftlB* 3 4 
5*ME»!fc:*a3;fvCV*S. ifc. $»^C0^«««3 

4itt, ia«f««34 5<oftMfc8«sivo*s. 

t". fi8WW3 4 5*3j-^4tiBi:^4i:, SM3 4 4U 

[0213] CO J; -5 &mSM&fflx> »/ J-X^zi 0 , 
x 7f>/rD 7r-f /l-£EI 3 5 OSUfiff^©^ Lrt: «fc 
3$3^teW^4£fcj&^ffiT*>4. rti}*>* 03 
7CiL/:J;-j(:. AlM^GaAlNlXyf 
>*0f«a**# ^tzMz^ 03 5 KiSLfcfHfc&ggSJS 

*i* . 2 , *mtmmxt,± p sg a n mmm 3 2 6 # 

[02 14] =Sr*$, X7f>/ro7 7^f/^llfflltl, 
fc*>«0#««mi. 03 5lZnkLtz2mffimzmt>?. 
3JUJLhTfcfi<. HI:MiaGa 0 ,j S Al,, 15 NA> 

T'&oTkja^. X-yf-V^jSigtNaOHCRB 
363*1* fctfTCfcfrSK. KOH. HFlRSFiR. HP0 3 
9 WSiK * m ^ 4 w t &X' $ & . 
[0215] (S* 1 8ff>£f&BlDt) 03 8U*»WO* 

1 8(?>mmmBizmh&¥mte\s-?nmf£&K-fmm 
0t*5.'0«f3 5Oiit7T^r»(T»*). 

^3 5 OiTXhtCGaNA-/? rJ13 5 1 . nIGaN3 
y??HJf352. nlGa U5 A 1,. 15 N?77 KB 
3 5 3. n!GaNIS13 54. InGaNMlf 



#F (MQW) *SttJf3 5 5. pSGaN«jtl3 5 
6. pfiGa MS Al 0 . 1 sN*1^57Ki357, p 

!Ga M Al 0 ., N»2?7v KJ13 58. pfGa 
NdfA--yrfl3 5 9* { Bg^fiK?il-CV'>l>. plGaN 
^+7 7*1359. PfGa,., Al,., Ng2?7 7 
K/13 58. pSGa 0 .85Al 0 . 15 N^1^77K13 

ztiizz K>, vmizxhyjyttov viwvm 

jSSflTV**. 777K1577. 5 7 8«'J vSSMUl 
*I-«(:pI I n G a N7fc|3i3 ! * , >;i 3 6 0 tfi&tLZtl 
X^h. 3 6 114pm 3 6 2{infl$rt'$>?>. 

[0216] *nm&mi l z*>tthwtfimi\&. piGa 

0 . 85 Al 0 . 15 N^l?77Kl3 57i: P II nGaN 
*KiiftJi3 6 0i:<0^-rnB«(cJ:i3»SS#i*. £ 
- x -y f - y o 7H JWWSIfcH LT ULhjfi Lrt: SI 

[0217] (»1 9tf7SttKB») H39~H40Ji. 

UmX'foh* 03 9 (a) Cijcf idK. ^r'fTl 
«3 7 0Jl<cM:. #K&S*tigj£ft£ (MOCVDS) 
GaNK4S10-2 00nmi(7)A' 7 7r 
J137 1. S i K-7«nIGaN*»t!5:S4ximlW 
nS3V^?M372, SiH-7<0nIGa,. 8 A 
1 o. 2 NKi62 5 0nmI«nI?57b'i37 
3. Si F-r<7)nMGaNA>£>&£2 0 0nmJI<?)3» 
ifc/13 74, SiK-/£0nlGaAlN^-A-7O 
-Rfiih«3 7 5AW^JFM$fL4. 
[0218]g^T, nSGaAlN^-A'-7n-|i6 
±M37 5±iZ\5., 1. 5nmf^yyK-7In 0 . 25 
Ga 0 . 76 NM'3 nrnJlc^y^K-n n 0 . 05 Ga 0 . 95 
N»2»|»I nGaNJi£5 0fflJ»l§9ffil/CIIWc$ 

ix^^ms^#F (mqw) mmcoimm 376 

Six*. 

[02 19] ZLX. «14«3 7 6±12{4, MgH-7 
tfOpMGa A 1 N^"— v<— 70— R&it^3 7 7, MgK 
-7(7)pIGaNfrf>^2 00 n mJlW^^I 3 7 
8. MgH-7%IGa M Al,,, Nft>&&*p£ 
^ 5 y Hit 3 7 9'. MgK-7(0 P IGaN*>^ 
0. 3//m/fiOJr-w7'^3 8 0* { ]lI<J:ffM$ix4. 

[0220]»:(:. pfiGaN*^771380±fc 

SSCVDatJ:*). SiOj iK^4 0 0nm 
J!<7)*ifll-e*?«3 8 l3&«*S«$aS. at^T. 
;*.?B38 l±CJi. UiSXY- (AZ4 1 1 0) tfilix 

1 2 O-C^Sfg^ffl^^-^Xc 2 O^ra^^il. 
--K^h^-^v-^^ill). -?-tf>&. *e^-7X^®38 1 

h Mirk % h 2 mer? X 9 m fr&tii £ it h . 

[ 0 2 2 1 ] mz. 0 3 9 ( b ) l-TK-T J: o RtDtt 
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^jj-^b'-AXyf-V^ (R I BE) mizX*). pIG 
aN3-^y7*JI3 80fcL PIGa A 1 N? y -y FJI3 
7 9 **RSW* £ T'X h 7 7"#£x y ^ >- ft 6 . 
[0222] ZZX\ pIGaA 1 N?7 7 F«<7>JI§ 
ti^O. 3jumi:?gvvt#>, 3iw\*-x y f->-^ X 

^*«*^$<i" fc^E* 8 **. fit, #HJ&fc^<re 
JJ, X7fy^i:LtC 1 2 S F 6 

•&^tffl^*ikfc:J: , 3, GaNtGaA 1 NcOiltR 

[0 2 2 3] V-f ^ojSys-'7-2 0 0W > -f^VjDiS^ 
E500V, C 1 2 tfXEJ} 0 . 4mTo r r— Jtt 
L, SF 6 ^'XSr^JJPLTt^GaNfcGai-, Al, 

n ( x = o . 2 ) <7)®tRibo^-fk$-ia4 1 izfjk-?. mm 

Jix vf V/lCfcttSGaN OMWUfcT* 0 . fltttttS 

[0224] SF 6 *'XOff^^tgjD-r^>^^\ StR 
Jt#m&irf6. SF 6 /fX«r«Slnrr4ii:KJ: 

•5, GaA 1 NJf^x-y^-^tcfglU $Sfc:KftUt 

[02 2 5] .IftJciO, G a A 1 N^cOX -y ^ 
ftttS <^0. i*tUGaNt <7)jMiRit* 5 ;*:£ < Sr 
4. *!5tt«!BTtt, i3s3D*"Xi:LTSF s 
Jt*\ t i F£jfi#fc U-C*trXT^. flUtf c F 

(±, WilfO, . CO, co 2 ^<7)*D^, ^<tto 

Ji, GaAl N«c7)X.y^-v^<7)^(^ JBlStUiUAl 

[02 26] GaN1380tGaAl NJI3 

7 9 b ^It»fi:x -y y^Srff jh-r s tcti. JMtR 

•9. x-yf-y^aES*t^^Lfc. HftWfcii, x-y^- 
y*KS«Ht**6 5 0 nm«0U— 1f**!SBtL, R 

*36**t6fcft. x-yf-y^tffltfrKflMrV RWJCiSS 
tfWbt h . >! co«iftc7)^aj (cJ: 9 , X7f y?*&V 

^.y-umBSimsn^n&t^i. z\<Dzcomwmmizji& 

t. M1Rx.y1->7mtffimLtcl:£. GaAlNcox 
B#OTRW7fc$$J£<7)ffii&£^»j fc. GaAlN1379(7) 

x .y *yymnKMt%mm0>&mmmb vittzzmv 

K->t. jg«B^-ft;t--i»^*Tx.y^->-^^^ 
TffUf , ft/No*—; n*— x ■yfy/iTx -,^-y?* 

[0227 ] Ja_t«>:firi£fc: J: 0 . *Hlt©JBY«. G a 



AIN13 7 9<7)j-—^-X. y + yym.4 0 nmlilTT' 

£H 2 SO, : H 2 0 2 : H 2 Oj§»«frtC««\ Wi^'X 
h7*?fcx?*->^Sft2:«<l»£3*l&. ViSXY 
-?X7Wm:. Etfi$iX*:S i 0 2 V^^(i, ifcOIg 

[0228] J3LhO«yi<oa. 039 ( c ) fcijrrj; 3 
JC, MOCVDfcJ:&l|S2|IIB«0jaatfc:J:»). Si K— 
riOnSGaN*>^^:S0. 5 ;i/ mII<7)3fcg!iAtf>Ji (« 
«gil> 382^pSGaNJfr-y7-®380coKSE 
Ci&o-CpSGaAl N^7 7 KJl3 7 9±£^j£$it 

»+t:«»tfeil. Si0 2 PlGa 
Ndf^vrJf3 8 03&««tiJ$*i6. 

[ 0 2 2 9 ] ifcWC', 04 0 ( d ) lz5f;-ti o fc, MO 
CVDCi&^3[sia<7)Bg^c;J: 0, plGaNJf-V7 
rJ1380±S.tfpSGaA l N?5-y H«379±{C 
Ms h'— TOpMGaN^4>?jri>0. 5 umW-<r>oy? 

7 vm3 & 3 tmis&ixi,. mz^ c i 2 

RIBECJ;0, nlGaNny?? hif3 7 2ri^aj 

[0230] I24 0 ( e ) Id^^-J: ? IZ. njffl 

(Olf 3 8 4 itf p WwmSB 3 8 5 4^ 

[0231] ce*. mmcou— rizts^Tii* ^ieb 

<0J«*t= ct 0 . nlG a N«8Q%«JB 3 8 2 £T-£j£ft 
2fcBHPaitH!*t. *2BB<0B£ftfe:J:"3pSGaN3 

^ h« 3 8 o &fiSt^?-a:4 b mmumi> hh . 

a^jf 3 8 2 ^\m o c v d KRmmmfrty <r> m g <vmk 
t t h tivrtsm&m & w < -r h &m&$> o . * 

[0 232] L*>L, **N08»Bfc:J:*Uf. nlG a N 
VSEKW 3 8 2Ji»2 0B«j«ft'^««W*fc». M 
OCVDR^jg3a*»f><OMg«?5Ki2,4n3&*ill<« nl 
GaN«a«{SSJi3 8 2*»<®tft-C*6. 4fc. 

^'J^A^^^«sii<?)M^X-yf-V^-^||31T^ 
6. Sfcfc. x-yf-y^iSr»aEi<t^"C*4fe 
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mm&msMt&tz. m^m^-^xcomm^m^mm 

[0 2 34] m2 Off&Q&m) 04 2-04 3 

[02 35] ^mtmma. v&)2m&zm i 9«o§g 

SS^SkJiHSr*. 04 2 (b) tz^tio 

(C. pIGaA 1 N?5-y KJi3 7 9tC«iT. 

x -y f- vy\zi *). v-y=Jt tnmmnwssfe top 

IGaA 1 N?^y KJf 3 9 OtfflMSfl/CHS. 2j& 

Stt. 04 2 (c ) ^-TJ:p(C. plGaAl 

•y H« 3 9 0 'J -y ^A^OffiSPCfa-oT nl I 

n G a N«8B$ffJB 3 8 2 J: 0 d k X'h 

h. 

[0236] itf>flBfCJi. 382**, U -y 

^MfflfvSttJi 3 7 6 l^&mth fc*> . InGaNf 
SKSPffJI 3 8 2 <0©JK«*co»fffc:J: «j £ 1 

U -y S^pfWOG a A 1 NWJfSJi . tt8£R?J| 3 

8 2k iSttJl 376k h fcft , U— tf 5r 

[0237] *iT«r»H«t. 04 2 ( a ) K^-fffi 
mxU<Wk. 0 ^'cO^eKlSCfcvvc. affix -y-f-y 

•yf-y^fc:li. C l 2 ^tSF 6 t<oa^xfc» R 
I BEj£k£ffl^6. x-yf-^ftmi. C 1, Xf'XE 
^30. 4mTorr, SF 6 #*JE?J0. 15mTor 
r, 7-f^DiA-7-2 0 0W. -<^-VjDi$mJE5 0 0 

v-c*>s. 

[0 2 3 8] piGaNJft7ri3 8 0±Kim? 

pMGaNdt-r-yr«38 0tC*5(t-SV^. 
7VMcomW)*t>x.>y J f->'7'it t ]&Z1X& . x-yf-^o 

(i, G a N/G a A 1 NcoMffiJtri* 1 . 2 5W£X'h 
0. G a A 1 N(OX 7 f y/M^I^t*, GaNk 
GaAlNiOW;fcHt. I— iP'T^x^cfctt 

^IB&jgjfflAU 5 0 nmKffllifU GaN/GaAIN 
*B*<«as $<1T , JBSrtf 1 . 3 JBJtBWtt: k # . 
x-yf-v^fcfftLLfc. *-OJS«. 04 2 (b) tc^-T 
idC 'J y y^SHW piGaA 1 N?5-yKJf 39 
O^J¥$kL-CISftfflO^)l 0 0nmiaUx7f> 

[0 2 3 9] ^£OH5^X y^->^XMtci3^T, *H 
k Ji JM: 9 , iMffix y *• >- £ jlffi-tH* . C 

1 2 ^'XtfOASrffll,^^- GaNkGaA I NktiJJ 
S'^ifX yf-y^kSr-l.. >I<9#3fXy f-y^-Ji, P 
— •f z F# : E-?lC*ilti>#R!8JgjtH«0Ga N/G a A 1 N 



ZWtzbb. x-y^y^i^-^ttjga^-t-fl. 

[0240] *srat=ffi*«ii*tfe'Ctt. atftx 

[024 1 ] LXh^i 5 C 'J y J^fifcOgL 04 2 
(c) tC^-f <fc SS20g?)j££-Cn£!I nGaN 
ttStt&SJf 3 8 2#9ttTO0l£$*t.& . $ 4>K S i 0 2 V 
A?m£<Wk. 04 3 (d) (=5r*-J:3fc:, JJS3®g<7) 
f^ItPlGa N3 y M3 8 3*«$nS . Z 
i0p!GaN3y^^M383(±, F ^ X-y f-^T" 
tiO. n|GaN3^^ MI3 8 4#8ttrt-&4'C 
x-yf-y^$*iT^-9-*flB«Sft.4. 04 3 

( e HC^jrf J: otC, P lGaN3^; M3 8 31 
tCpfflWS3 8 5*g»JS$*L, nIGaN3y;?M 
3 8 4±(Cnffi!imSg3 8 4*%M^fL. ¥mfoU—fft 

[ o 2 4 2 3 i ci-c. *mtmmx'ii. miw*m 3 8 

2tUnII nGaNJi«:a5itr*£fc:ovvC8MHL 
fca**8fHfc«Pfli 3 8 2 cOtffi kLTIi, niGaAIN 

[0243] (121<7)H»l)i44 (a)-I4 

4(d) a*$>tycr>m2 lcommmmizmh^m^ 

— !f WSBtXSH-C* 6 . *§SM9EHBb&*SS 2 0 (OlSSfS® 
«kM=S:S*{i. 04 4 ( c ) tz^Xdlz. jM#?j&K 
-Cti=5r< U y nllnGa NW.m.m%m 3 9 1 

[0244] zcou— rmmx-h , 044 ( a ) c^-r 

XScOfi:. 04 4 (b) tCTjrridfc. h'7^x 7 f> 
^'(Cj: 9. P IGaAlN?77K13905-'j7yi: 
-?-^WijcO¥iia5k S:W't-S)?f^tc:-t-S»^* i *>i» . .1 
JLT. U 7i/COSI«GaA 1 NcomZli. MffiM^m 

3 9 1 bWGm 3 7 6 kWSEBf{C^#&^-^.S^T'. ^ 
2 0<^H]5£^kl5l«^. I/— y*03cJ&&**-HSHi 

[0245] *SatJB!Bt*i v t>. IS2 0 coHig^S 
k R t < *«^{c J: & JMiKx -y f - ^ XtaTi k U— if 
*-^4:*tt^*TfflV^. ^iS*, 04 4 (c) tC 

[0246] { »2 2commmm > 04 *i6w?d 

^2 2^ffc»®fcfRfc4#«*u-- y «^fl|«ijprrBr 

[0247] |+400linlS i CftKT'ft'?, 
*^4 0 0cO±tCnMZnOif4 0 1 . nMGa N/f 4 
02. nIGaAlN;77KI403, GaN^jSS 

4 04, I rij Gaj.j N*>^Sg 1 <OiS14JI4 0 

5 . &t^G a Nigjgyi 4 0 6 jWtiJCJg^Sil. SEtlB 1 
f>Mi#A£KK3&2<7DTHt*BK«. 1 n k Ga,. k NA» 
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H> & h W, 2 <7)vStt if 4 0 7MGa N^&/1 4 0 8 
JftS*lT^4. m^ffi*£A&t>*?FS2<OfS$B 
fcfcWC. plGaA 1 N?77 HS4 1 1 a&t/b. 
nil nGaNftSB£#>Ji4 1 2a$.T/b, pIGaN 
3y?ni4 1 3a&tfb#&f££ftX^6. &i>, 
dil^><0*g B a B )£*(±MOCVD&, MBEffi. gg^tiM 
#Wffl-&*tCj:orfT*>*i*. 4 14a&tfb{i 

pPJ«S, 4 1 SttnBWBT**. 
[0 24 8] .1,1 T\ W.\<T>W&mA 0 5<7)A>h"3f-v 
7 7Eg, , J?£d 1 fc. ^2<30vSttJl4 0 7«A'yH 

, f§d2tll 
Eg! >Eg 2 -(16) 
dl>d2 -(17) 

MA 0 5<DI nfflj£j =0. 05, IJlOOnm. ^ 
2<7)vS14J!4 0 7<?)I n|fllS;k = 0. 15, f?10n 
mfcLfc. £*tfi. ?S»y|-CA 1 =3 80nm, A 2 
= 4 10 nrntCfflS-T!.. 

[0249] ZWU-Vffi&com 1 tfJfcjKATIi* igft 
Stf^ l covSttS 4 0 5 ^ -f£> 6 tub . £ covgttS 4 

0 5iD}fcf|38 0 nmT'l^JB-ri.. — S\ §52<9ffii£B 
"CIS* 1 cOfSttS 4 0 5 km2<^SEM4 0 7t* ! #4 
-t&A^ S&20)*£ttJf 4 0 7W^ -y TCDjjW'h 

3l-vfc*>. WSWftajll*S^i»2fl5*SttJi4 0 7TSi 
&oT. i<D«WC*i4 1 0 nratJBBtiC: fcfc: 

[0 2 5 0] Sll<^t£A<75*S14J14 0 5t±l OOnm 
^iSBflil 0 nmfc?I\,^Stt/f4 0 7<T>ti#>, 

0««Atf)U— tr&RtiiLffl. §iS2<7>«$B<7)lx~ trs 

[025 1] Lj6»fc3jKSaBBJB-c«. 'J •/ 
? 5 -y FJB4 1 1 c0f!l®tcvS't4«4 05. 4 0 7 J; 9 
vOh'dr'r •yrx^dr'-cO/h$V«^)i*6®4 12* 

[ 0 2 5 2 ] 04 5tC^Lfc^«cU— trwSJtXg* 
H4 6-04 7*#B3tTl^-r-i»» *-*\ 04 6 

(a) fcjjcfiatc. nIS iCS^4 0 0£7)±{C, n 
SZnOJl401, n!GaNl40 2, nlGaAl 
N^5 /HB403. GaNiiJi404, I Ga 
i-i NvStt® (JSliSttfl) 4 0 5. GaN3H*J|4 0 
6, I n h -Ga,. k NiSftJl (*2?Stt«) 4 07. G 
a Nagj£Jl4 0 8 £)HI#J&ftir& . 

[0 2 5 3] ftWC, 04 6 (b) fcjjrfj: mi 
<9fE&AC&tf£>35«yi4 0 8 4:iStt«4 0 7&x-/^- 



^TUfe*-*-*. .I<7>i:# . v£tt®4 0 5(iigs&Ji4 0 

[0254] JfcWC, 04 6 ( c ) (Cij^J: o K. 
CpIGaAl N?7-yKil4 1 1 £j&HU *0±tC 
S i 0 2 R4 2 1 Sr^y-S-y . 

[0255] <fcwc\ 04 7 ( d ) (cijcr J: 3 Si 
0 2 I4 2 1W-->^fi ; '5t, ClilSr^X^t 

[0256] &ivt\ 04 7 ( e ) Kij^J: 3 Si 
0 2 vx?£of*fc**, J: ->T 

*fcfc3BJ!&*>Ji4 1 2 

[0257] &<,v?\ 04 7 ( f ) tairr i 3 fc» Si 
0 2 pIGaN3y^^M4 1 

P(i*®4 14. nffl«B4 1 5£»flJW 

x-mzmfoixm^-frmzfio z tizx^x . msm4 
5 izyji vtzmmi^m- •§> . 

[0258]±i*LfcJ:3 K*s«tJB!Bt;:J:*tff , JPJB 
ifSrlBJ— «^?Wl^tJ:&^ 

[0259] kw.2 3<r>mtmm) 04 s«, 

^2 3co^Jfi0«^«^-i»^frl— 1f<o«jSt*rBr 
ffi0T'S)S. 01 9fcH— »»fc:«H-«r9Srft 

[0260] *mmBBcoffimRismm.jjmiWi2 20 

fc»5:SjS«. lgl^iStt/14 0 5(C«:^r^ild ICO 
^lcOi£14/f4 2 5£3iU a-3»2«SttJB4 0 7 £ 

OJB2 OSttJi4 2 7 tfflifci h "Cft £ . 
[026 1 ] -r=5r^>*>, lfilcOiStte4 25<V®Md 1 

tm2co&nm4 2 7ommd 2 tcomizz. 

d Kd2 -(18) 
b LtzZtX't>&. B.\l*>. d 1 = 1 0 nm. d2=10 
OnmiLfc. t7t, m2<7)ffi«{Btc:pSI nGaNPR 
JRJ14 2 8 Z(7)®.i&m 4 2 8«^i&Sl©)R* 

[026 2] (S2 4<?5Hifcm®) 04 9li, #&B/Jcr> 

^24 <r>nmmtzi%fr& *mtk u—fcoffifiitvk-fw 

ffi0T-£>&. 

[026 3] W*4 3 0\iiV7 r ATmLX'fo*) . Z<T> 
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iS430<OB:GaNA 7 7ri43 1, nlGaN 
ay^^M432. nIGaAlN;7 7Ki4 3 
3. nSGaNzgi£Jl4 34 , InGaN#llf#F 
a^&S^lsDvSliJ^ 3 5 , 7yH-rGaN»ii 

436. I nGaN£M^#F*^&4IS2<DiS't4Jf 

437. pSGaN^iSi!4 38. plGaAlN?? 
•yKJI4 3 9, pS!GaN*-Y-yTJl4 4 0, plln 
GaN5tK3^)ffl44 1 . pSI nGaN3 *s9 9 hM 
4 4 2tfBtfZZixX^&. B4>tf)4 4 3&tf4 4 
4(ip1EfiL 4 4 5{infflWSfi|-CfcS. 

[ 0 2 6 4 ] Z.ZX\ ffS 1 eD#a*^#Fvgttfl4 3 5 
<V<y^t7rEgi t*2<O^S»^#FSHt*4 

Eg! >Eg 2 

i:=S:4.fc3t=8J£S*i.-0*4. IftWCIi, ^1«^S 
S^#FvS14®<^#FJf <7> I nHU££ 0 . 1 5i: L. 
2<7)£*A ; ?#F*SttJi?> I nfflf££ 0 . 8 1 Ltz . * 
*i^<0*6^*H*f^tf^fcffi3"*"4. 3S2<7># 
#FvStt«<7) I nfflttatWG a N U-lf Mit 

A£ LTtt!fciWt«fe<afl £ f*6ft.4. 
[02651 Z<7)£ o {c#aRtflSfe»U— y3&**BlS 

SMfcWBESKieBS*^ - 1 £&4 . 
[ 0 2 6 6 ] 05 0J2, 04 9t=*t3t^Sfe^®<^l^— 

J: 3 tc nl;ffili{i:ttjitf§ 4fc#>. 01*.{f *>-f -f > 
^V-f •Vli3-p-cjav^. 
[02 6 7] (912 5cr>mW.&m) 05 Hi. 
f|S2 5^S6»»^^-i.*«f*^--y K ^ffi^5r^B} 
WMXfoh. 

[0 268] 04>4 5O{i-f7r-f r^T'S>0, 
it450<7)B:GaNA*77rl4 5 1, nlGaN 
h!M45 2, nlGaAIN;5"/FI4 5 

3. nIGaNiii4 54, InGaN#af#F 
*^=5r^mi<75vS14JI4 5 5 , T>K-rGaN*feJl 
4 56. I nGaN^M^FA^&Sf^OigttJi 
4 5 7. pSGaN#i£Jl4 5 8, piGaA 1 
•■/K/14 5 9. pSGaNJf^-yTJl4 6 0. p* S?G 
aNrJ V99 YM4 6 1 . nil nGaNjl»)i4 
62, p* MGaNny^? h§4 6 3iW$at^ 

4. 04"<O4 6 4RV4 6 5J2pWB;{£, 4 66 

[ 0 2 6 9 ] m 1 CD^fii^#F*£'tlJf 4 5 5^>K 
^•yTEgl, 4:SB2^a* : F#FiSe«4 5 7<?V'< 

Eg, >Eg 2 



osicou — rt'tiE §! wo h^-v yr^tai-f 4i&k 

[0 27 0] (|g2 6COHS6JK©) 05 2(i. *5&bh«o 
2 6 ^dligtfli^ V— foMS&TfrWk 

fg0-t"£>4„ 

[027 1 ] ^-1^S#®Hit(i:li?fB[22 8l=^Lfc 

commmiza^x h.mi <o#a*^#FiStt« 1 9 

6WA>h'^ -y7°E g, t'£2cr>§.nA=F#T s i£1i.m 

is^-r & c t k <t o t . *i\?nm%&WL&x'<r8mti i 
we*>4. 

[0 27 2] (352 7<7>Hfi©^) 05 3{±, *^cO 
ffi 2 7 <OK3J9KBt:flfc*>* U-lT0>fll*&*-*-R 

®0T"S>4. 

[0273] CWHJfiJKStlSft.&^^U— 

SMWi**-r4. dosatjeam*. s^ffi^^v 

[0274] 04"<O4 8 0lit- hi^y^T $>4. b- 
b>->-?4 8 0i:LTli:. Cu^t'(Of6. BNWt 

5. >lcob-h^y^4 8OWi0^L^J:a : 5:SII 

«£T i/P t/Aul) 4 8 1-484^'M5iltV^ 

6. 4 9 0Ji«^£^^4fcA«0»*i&Tr* 
4. &*?34XJ§b¥mfci'—r<n9Xkbli* AuS 

n^<73^BaW4 8 5 — 4 8 9CJ: 9E*£*l.T^4. 

[0275] ^mtmmcox 0 tzm^m^y^^> 

[0276]^, **B^4±S6Lfc*^dt«JBK:IB3e 
[0277] 

Z\h<T>X'%h InGaAl BN^i*l/-f 

[0278] ^it. inar, «sttHJVMfHS^> 

1=4. 

[0279] $ *«BB(cj:iiif , ISH-Mffl^ 

4, P#fcfl6i4 i im»«cu— lf£iIttT'£4. 
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[02 80] *%, B Mz£tU£* •&&m'\cr>**V 

<7)«ff RT£ mi-T h Z. t #'T # . 3£t < X 9 $r fc**^> 
HfflCftf &(KISffi, fflME-CftflsU i«v^fi!ffltt^^ 
■T*i|iilWlcU-ir<oi!Jfcfirife*J|flW-ftCi:fe:*&. 
[ 0 2 8 1] ifc. **Wt=J:<Hf . a-fWTU ^A^k 
5- -fix •yf-VT'L fcflW)H«* t a#K 

[Hi J ^jrawJBl^SOtJtMBtclSlfoi^NWcU-- f 

[02 3 ^N5^7-W(0fffi@tlr*iAn e ,. 
-3T*«fi|tf>EHh out (;«-r&fi!?i?tt$r*-ra. 

[04 ] Xh7^7*rt^O^«Stff*^An e ,ijj;0 r b- 

m. 

[06 ] j£ttJBI89d. 7 F«JfH clad MWc^9 

[07 3 SCH-MQWflBStCtJftS^^vHfiJIei,,, 

0. 

[08] L £ v >tt t9K«« J th - xm&wm rizm 

£Srf0. 

[09 ] istBiF«SMt^<o^5 ■•/ vmmt&mt&Tjri- 

0. 

[010] SCH-MQW«It;fcltl,77 7Hlf 
OWf££*-f0,, 

[01 1] SCH-MQW»it£;fe»*4?5-y KWJf 

ci.dMOT=*«W!m, uide t. Wtt^e-K^IMIi: 

iOM<12r^-f0. 

[01 2] *(a#FJBJ»S0OL*v^tt«a*KJ th / 
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